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(57) An active type display panel comprises a plu- 
rality of pixel sections each having a series circuit con- 
stituted by a light emitting element and a drive element 
for supplying a drivecurrent to the light emitting element, 
a pair of power supply lines which connect the series 
circuits of the pixel sections in parallel, and a plurality of 
measurement lines. Each of the pixel sections includes 
a switch element between a point connecting the light 



emitting element and the drive element, and one line of 
the measurement lines. A display device, in which the 
display panel is used, detects the voltage across the ter- 
minals of the light emitting element and controls the 
drive element such that the voltage across these termi- 
nals is a predetermined voltage. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to an active type 
display panel in which light emitting elements such as 
organic electroluminescence elements are disposed, a 
display device in which the display panel is used, and a 
display panel driving method thereof. 

2. Description of the Related Art 

[0002] Electroluminescence display devices (referred 
to as EL display devices hereinafter) mounted with a dis- 
play panel employing organic electroluminescence ele- 
ments (referred to simply as EL elements hereinafter) 
in the form of light emitting elements carrying pixels are 
currently attracting attention. Known systems for driving 
display panels by means of these EL display devices 
include simple matrix type and active matrix type sys- 
tems. In comparison with simple matrix type systems, 
active matrix type EL display devices consume very little 
electrical power and afford advantages such as low 
cross-talk between pixels, and are particularly suitable 
as large screen dispiay devices and high definition dis- 
play devices, and so forth. 

[0003] As shown in Fig. 1 , EL display devices are con- 
stituted by a display panel 1 , and a driving device 2 for 
driving the display panel 1 in accordance with an image 
signal. 

[0004] The display panel 1 is formed having an anode 
power supply line 3, a cathode power supply line 4, m 
data lines (data electrodes) A1 to Am arranged in par- 
allel so as to extend in the perpendicular (vertical) direc- 
tion of one screen, and n horizontal scan lines (scan 
electrodes) B1 to Bn for one screen which are orthogo- 
nal to the data lines A1 to Am. A drive voltage Vc is ap- 
plied to the anode power supply line 3 and a ground po- 
tential GND is applied to the cathode power supply line 
4. Further, pixel sections B A A to E m n each carrying one 
pixel are formed at the points of intersection between 
the data lines A1 to Am and the scan lines B1 to Bn of 
the display panel 1 . 

[0005] The pixel sections A to E m n have the same 
constitution and are constituted as shown in Fig. 2. That 
is, the scan line B is connected to the gate G of a scan 
line selection FET (Field Effect Transistors) 1 1 , and the 
data line A is connected to the drain D thereof. The gate 
G of a FET 12, which is a light emission drive transistor, 
is connected to the source S of the FET 11 . When the 
drive voltage Vc is applied via the anode power supply 
line 3 to the source S of the FET 12, a capacitor 13 is 
connected between this gate G and source S. In addi- 
tion, the anode terminal of the EL element 1 5 is connect- 
ed to the drain D of the FET 1 2. A ground potential GND 
is applied through the cathode power supply line 4 to 



2 

the cathode terminal of the EL element 15. 
[0006] The driving device 2 applies a scan pulse se- 
quentially and alternatively to the scan lines B1 to Bn of 
the display panel 1 . In addition, the driving device 2 gen- 

5 erates, in sync with the application timing of the scan 
pulse, pixel data pulses DP 1 to DPm which are depend- 
ent on the input image signals corresponding to the hor- 
izontal scan lines, and applies these pulses to the data 
lines A1 to Am respectively. The pixel data pulses DP 

10 each have a pulse voltage which is dependent on the 
luminance level indicated by the corresponding input im- 
age signal. The pixel sections which are connected on 
the scan line B to which the scan pulse is applied are 
the write targets of this pixel data. The FET 1 1 in a pixel 

*5 section E which is the write target of this pixel data as- 
sumes an on state in accordance with the scan pulse 
such that the pixel data pulse DP supplied via the data 
line A is applied to the gate G and to the capacitor 13 of 
the FET 1 2. The FET 1 2 generates a light emission drive 

20 current which is dependent on the pulse voltage of this 
pixel data pulse DP and supplies this drive current to the 
EL element 15. In response to this light emission drive 
current, the EL element 15 emits light at a luminance 
which is dependent on the pulse voltage of the pixel data 

25 pulse DP. Meanwhile, the capacitor 1 3 is charged by the 
pulse voltage of the pixel data pulse DP. As a result of 
this recharging operation, a voltage that depends on the 
luminance level indicated by the input image signal is 
stored in the capacitor 13 and so-called pixel data writ- 

30 ing is then executed. Here, when discharge from the pix- 
el data write target takes place, the FET 11 enters an off 
state, and the supply of the pixel data pulse DP to the 
gate G of the FET 12 is halted. However, because the 
voltage stored in the capacitor 13 as described above 

35 is continuously applied to the gate G of the FET 1 2, the 
FET 1 2 continues to cause a light emission drive current 
to flow to the EL element 1 5. 

[0007] The light emission luminance of the EL ele- 
ments 15 of each of the pixel sections E^ A to E m n de- 

40 pends on the voltage which is stored in the capacitor 1 3 
as described above according to the pulse voltage of 
the pixel data pulse DP. In other words, the voltage 
stored in the capacitor 13 is the gate voltage of the FET 
12 and therefore the FET 12 causes a drive current 

45 (drain current Id) that is dependent on the gate-source 
voltage Vgs to flow to the EL element 15. The relation- 
ship between the gate-source voltage Vgs of the FET 
12 and the drain current Id is as shown in Fig. 3, for 
example. The flow of drive current through the EL ele- 

50 ment 15, which current is at a level that is dependent on 
the level of the voltage stored in the capacitor 13, con- 
stitutes the light emission luminance that depends on 
the level of the voltage stored in the capacitor 13. Thus, 
the EL display device is capable of a gray level display. 

55 [0008] In a drive transistor such as the FET 12, the 
characteristic for the relationship between the gate- 
source voltage Vgs and the drain current Id changes ac- 
cording to temperature changes and inconsistencies in 
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the transistor itseff . For example, in cases where char- 
acteristics (characteristics indicated by solid lines) de- 
viate from the standard characteristic (broken line) as 
shown in Fig. 4, the respective drain currents Id are dif- 
ferent for the same gate-source voltage Vgs, and there- 
fore the EL element cannot be caused to emit light at 
the desired luminance. 

[0009] A voltage change range for the gate-source 
voltage Vgs with respect to the luminance change range 
which is required for the gray level display is established 
beforehand. If the characteristic for the relationship be- 
tween the gate-source voltage Vgs and the drain current 
Id is standard, the current change range of the drain cur- 
rent Id with respect to the voltage change range of the 
gate-source voltage Vgs is as shown in Fig. 5A. The cur- 
rent change range of the drain current Id shown in Fig. 
5A is a range that corresponds to the luminance change 
range required for the gray level display. On the other 
hand, in cases where there is a change in the relation- 
ship characteristic, the current change range of the drain 
current Id with respect to the pre-established voltage 
change range of the gate-source voltage Vgs differs 
from the luminance change range required for the gray 
level display shown in Fig. 5A, as shown in Figs. 5B and 
5C. Therefore, when there is a variation in the drive cur- 
rent characteristic with respect to the input control volt- 
age as a result of a drive transistor temperature variation 
and inconsistencies in the transistor itself, a correct gray 
level display is not possible. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, an object of the present invention 
is to provide an active type display panel in which light 
emitting elements such as organic electroluminescence 
elements are disposed in the form of a matrix and which 
is capable of implementing a correct gray level display 
even when used for a long period, and to provide a dis- 
play device that employs the display panel and a driving 
method for the display panel. 

[001 1 ] A display panel according to the present inven- 
tion comprises a plurality of pixel sections each includ- 
ing a series circuit in which a light emitting element and 
a drive element for supplying a drive current to the light 
emitting element are connected in series, a pair of power 
supply lines for connecting the series circuits of the plu- 
rality of pixel sections in parallel, and a plurality of meas- 
urement lines; wherein each of the plurality of pixel sec- 
tions comprises a switch element which is provided be- 
tween a point connecting the light emitting element and 
the drive element, and one measurement line of the plu- 
rality of measurement lines. 

[0012] A display device according to the present in- 
vention comprises: an active type display panel com- 
prising a plurality of data lines, a plurality of scan lines 
mutually intersecting the plurality of data lines, and a 
plurality of pixel sections each including a series circuit 
in which a light emitting element and a drive element for 



supplying a drive current to the light emitting element 
are connected in series, and which is connected be- 
tween one of the plurality of data lines and one of the 
plurality of scan lines at an intersection thereof; power 
5 voltage supply means for applying a power voltage to 
the series circuit of each of the pixel sections; and dis- 
play control means for designating one scan line of the 
plurality of scan lines sequentially with predetermined 
timing in accordance with an input image signal, for sup- 
10 plying a scan pulse to the designated one scan line , and 
for supplying a data signal indicating light emission lu- 
minance to at least one data line of the plurality of data 
lines in a scanning period during which the scan pulse 
is supplied, the at least one data line corresponding to 
15 at least one light emitting element to be emitted light on 
the designated one scan line, wherein each of the pixel 
sections includes pixel control means for activating the 
drive element in accordance with the data signal to sup- 
ply a drive current of a level corresponding to the data 
20 signal to the light emitting element, and voltage detec- 
tion means for detecting a voltage across the terminals 
of the light emitting element; and the display control 
means includes data correction means for correcting the 
data signal such that the voltage across the terminals of 
25 the light emitting element becomes equal to a predeter- 
mined voltage for each of the plurality of data lines. 
[0013] A display panel driving method according to 
the present invention is a method for driving an active 
type display panel comprising a plurality of data lines, a 
30 plurality of scan lines mutually intersecting the plurality 
of data lines, and a plurality of pixel sections each in- 
cluding a series circuit in which a light emitting element 
and a drive element for supplying a drive current to the 
light emitting element are connected in series, and 
35 which is connected between one of the plurality of data 
lines and one of the plurality of scan lines at an inter- 
section thereof; comprising the steps of: applying a pow- 
er voltage to the series circuit of each of the pixel sec- 
tions; designating one scan line of the plurality of scan 
40 lines sequentially with predetermined timing in accord- 
ance with an input image signal, supplying a scan pulse 
to the designated one scan line, and supplying a data 
signal indicating light emission luminance to at least one 
data line of the plurality of data lines in a scanning period 
45 during which the scan pulse is supplied, the at least one 
data line corresponding to at least one light emitting el- 
ement to be emitted light on the designated one scan 
line; in each of the pixel sections, activating the drive 
element in accordance with the data signal to supply a 
so drive current of a level corresponding to the data signal 
to the light emitting element, and detecting a voltage 
across the terminals of the light emitting element; and 
correcting the data signal such that the voltage across 
the terminals of the light emitting element becomes 
55 equal to a predetermined voltage for each of the plurality 
of data lines. 



3 



5 



EP 1 381 019 A1 



6 



BRtEF DESCRIPTION OF THE DRAWINGS 
[0014] 

Fig. 1 is a block diagram showing the constitution 
of a conventional EL display device; 
Fig. 2 is a circuit diagram showing the constitution 
of a pixel section in Fig. 1 ; 

Fig. 3 shows the gate-source voltage/drain current 
characteristic of an FET in a pixel section; 
Fig. 4 shows changes in the gate-source voltage/ 
drain current characteristic; 

Figs. 5A to 5C each show a relationship between a 
drain current change range and a change range for 
the gate-source voltage; 

Fig. 6 is a block diagram showing the constitution 
of a display device to which the present invention is 
applied; 

Fig. 7 is a circuit diagram showing the constitution 
of a pixel section in the device of Fig. 6; 
Fig. 8 shows a luminance correction circuit in the 
device in Fig. 6; 

Fig. 9 is a flowchart showing the operation of a con- 
troller during a scanning period; 
Fig. 10 shows a scan pulse and on/off states of 
switch elements in the luminance correction circuit; 
Fig. 11 shows another constitution for the luminance 
correction circuits in the device in Fig. 6; 
Fig. 12 is a flowchart showing the operation of a 
controller during the scanning period when the lu- 
minance correction circuit of Fig. 11 is used; and 
Fig. 13 shows a scan pulse and on/off states of 
switch elements of the luminance correction circuit 
of Fig. 11. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] The present invention will be described below 
in more detail with reference to the accompanying draw- 
ings in accordance with the embodiments. 
[0016] Fig. 6 shows an EL display device to which the 
present invention is applied. The display device com- 
prises a display panel 21 , a controller 22, a power supply 
circuit 23, a data signal supply circuit 24, and a scan 
pulse supply circuit 25. 

[0017] The display panel 21 includes a plurality of da- 
ta lines X1 to Xm which are disposed in parallel (where 
m is an integer of two or more), a plurality of scan lines 
Y1 to Yn (where n is an integer of two or more), and a 
plurality of power supply lines 21 to Zn. The display pan- 
el 21 further includes a plurality of measurement lines 
W1 to Wm. 

[0018] The plurality of data lines X1 to Xm and the 
plurality of measurement lines W1 to Wm are disposed 
in parallel as shown in Fig. 6. Likewise, the plurality of 
scan lines Y1 to Yn and the plurality of power supply 
lines 21 to Zn are disposed in parallel as shown in Fig. 
6. The plurality of data lines X1 to Xm and the plurality 



of measurement lines W to Wm mutually intersect with 
the plurality of scan lines Y1 to Yn and the plurality of 
power supply lines Z1 to Zn. Pixel sections PL 1 A to 
PL m n are disposed at the intersection positions be- 

5 tween these lines so as to form a matrix display panel. 
The power supply lines Z1 to Zn are connected to one 
another to form one anode power supply line Z. The 
power supply line Z is supplied with a drive voltage VA 
which is a power voltage from the power supply circuit 

io 23. Although not illustrated, the display panel 21 is pro- 
vided with a cathode power supply line, that is, a ground 
line, in addition to the anode power supply lines Z1 to 
Zn and Z. 

[0019] Each of the plurality of pixel sections PL n A to 
15 PL m.n nas nave tne same constitution, namely three 
FETs 31 to 33, a capacitor 34, and an organic EL ele- 
ment 35, as shown in Fig. 7. The pixel section shown in 
Fig. 7 is one pixel section PL, j of pixel sections PL 1 ^ to 
PL m n , a data line is Xi, a measurement line is Wi, a scan 
line is Yj, and a power supply line is Zj. The gate of the 
FET 31 is connected to the scan line Yj, and the source 
of the FET 31 is connected to the data line Xi. One ter- 
minal of the capacitor 34 and the gate of the FET 32 are 
connected to the drain of the FET 31 . The other terminal 
of the capacitor 34 and the source of the FET 32 are 
connected to the power supply line Zj. The drain of the 
FET 32 is connected to the anode of the EL element 35. 
The cathode of the EL element 35 is connected to the 
ground. 

[0020] The gate of the FET 33 is connected to the 
above-mentioned scan line Yj and gate of the FET 31 , 
while the source of the FET 33 is connected to the meas- 
urement line Wi. The drain of the FET 33 is connected 
to the anode of the EL element 35. 
[0021] When a scan pulse is supplied to the gate of 
the FET 33 such that the FET 33 turns on, the anode 
voltage of the EL element 35 appears at the measure- 
ment line Wi through the drain and source of the FET 
33. The anode voltage of the EL element 35 can there- 
fore be measured easily outside the display panel 21 . 
[0022] The display panel 21 is connected to the scan 
pulse supply circuit 25 through the scan lines Y1 to Yn, 
and is connected to the data signal supply circuit 24 
through the data lines X1 to Xm and the measurement 
lines W1 to Wm. The controller 22 generates a scan con- 
trol signal and a data control signal in order to control 
gray levels of the display panel 21 in accordance with 
an input image signal. The scan control signal is sup- 
plied to the scan pulse supply circuit 25, and the data 
control signal is supplied to the data signal supply circuit 
24. 

[0023] The scan pulse supply circuit 25 is connected 
to the scan lines Y1 to Yn and, in response to the scan 
control signal, supplies a scan pulse to the scan lines 
Y1 to Yn in a predetermined order and with predeter- 
mined timing. A period during which one scan pulse is 
generated is one scanning period. 
[0024] The data signal supply circuit 24 is connected 
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to the data lines X1 to Xm and the measurement lines 
W1 to Wm, and generates a pixel data pulse for m pixel 
sections positioned on one scan line which is supplied 
with a scan pulse in accordance with the data control 
signal. The pixel data pulse is a data signal indicating a 5 
light emission luminance level and is stored in m buffer 
memories 40 1 to 40 m in the data signal supply circuit 24. 
The data signal supply circuit 24 supplies the pixel data 
pulse from at least one of the buffer memories 40., to 
40 m to at least one pixel section which is to be driven to 10 
emit light, through corresponding data line(s) X1 to Xm. 
A pixel data pulse which is of a level such that an EL 
element is not caused to emit light is supplied to non- 
emitting pixel sections. 

[0025] The data signal supply circuit 24 includes m lu- is 
minance correction circuits 41., to 41 m which are con- 
nected to the data lines X1 to Xm and the measurement 
lines W1 to Wm, respectively. 

[0026] The luminance correction circuits 41 1 to 41 m 
have the same constitution, and, as shown in Fig. 8, in- 20 
eludes switch elements SW1 to SW5, a current gener- 
ation circuit 45, a capacitor 46, resistors 47 and 48, and 
a differential amplifier 49. As in the pixel section In Fig. 

7, in t he circuit sh ow n in Fig. 8, the lines relating th is 

"circuit^re^ulcrrtlTatine dala~line _ is~Xi7and~trTe meas 1 25 
urement line is Wi. 

[0027] The above-mentioned drive voltage VA is sup- 
plied to the data line Xi through the switch element SW1 . 
The measurement line Wi is connected to the ground 
through the switch element SW5. The current genera- 30 
tion circuit 45 is connected to the measurement line Wi 
through the switch element SW3. The non-inverting in- 
put terminal of the differential amplifier 49 is connected 
to the measurement line Wi through the resistor 47, 
while the inverting input terminal is connected to the 35 
measurement line Wi through the switch element SW4 
and is connected to the ground through the capacitor 
46. Further, the resistor 48 is connected between the 
non-inverting input terminal and the output terminal of 
the differential amplifier 49, the output terminal being 40 
connected to the data line Xi through the switch element 
SW2. 

[0028] On/off states of the switch elements SW1 to 
SW5 are controlled in accordance with instructions from 
the controller 22. The current generation circuit 45 out- *s 
puts a current of a predetermined value. The predeter- 
mined value is set in accordance with the light emission 
luminance of the organic EL element 35. In other words, 
when the EL element is caused to emit light of a fixed 
luminance, the predetermined value is a fixed value, so 
However, when the light emission luminance is caused 
to change in accordance with the data signal level, the 
predetermined value is a value that corresponds to the 
light emission luminance changed. 

[0029] Descriptions will be provided next for the oper- 55 
ation of the circuits in Figs. 7 and 8 with reference to 
Figs. 9 and 1 0. Here, the operation when the j-line (scan 
line Yj) is scanned to cause the EL element 35 to emit 
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light will be described for the display panel 21 in partic- 
ular. 

[0030] As shown in Fig. 9, the controller 22 supplies 
a scan control signal for the j-line to the scan pulse sup- 
ply circuit 25 in response to an image signal (step S1), 
and supplies a j-line data control signal to the data signal 
supply circuit 24 (step S2). A scan pulse is thus supplied 
from the scan pulse supply circuit 25 to the scan line Yj, 
and A pixel data pulse is stored in the buffer memory 
(40, (not illustrated) of 40., to 40 m ) in the data signal sup- 
ply circuit 24, the pulse then being supplied to the cur- 
rent generation circuit 45. As shown in Fig. 10, the scan 
pulse indicates a high level during one scanning period. 
The one scanning period is divided into two periods, 
namely a measurement period and a write period. The 
pixel data pulse has a pulse voltage which corresponds 
to a drive current flowing in the EL element 35. 
[0031] On the other hand, since the scan pulse is sup- 
plied to the respective gates of the FETs 31 and 33, the 
FETs 31 and 33 are then on. 

[0032] The controller 22 turns the switch element 
SW1 on and the switch element SW2 off (step S3) im- 
mediately after executing step S2. The drive voltage VA 
is applied to the data line Xi as a result of the on state 
of the switch element SW1 and the off state of the switch 
element SW2. Since the drive voltage VA is applied from 
the data line Xi to the gate of the FET 32 through the 
source and drain of the FET 31 , the source voltage and 
the gate voltage of the FET 32 are equal to each other 
and then the FET 32 is off. A voltage whereby the FET 
32 is turned off could also be used in place of the drive 
voltage VA. 

[0033] The controller 22 also turns on the switch ele- 
ments SW3, SW4, and SW5 (step S4). The measure- 
ment line Wi is at the ground potential as a result of the 
switch element SW5 being on. Further, the stored, 
charge of the capacitor 46 is discharged to the ground 
as a result of the switch element SW4 being on. Since 
the anode of the EL element 35 is made equal to the 
ground potential through the medium of the FET 33, the 
stored charge of the EL element 35 is also discharged. 
[0034] The controller 22 turns the switch element 
SW5 off (step S5) after a predetermined time interval 
has elapsed following the execution of step S4. At such 
time, the switch elements SW3 and SW4 remain on. As 
a result of the off state of the switch element SW5, a 
current of a predetermined value flows from the current 
generation circuit 45 to the EL element 35 through the 
switch element SW3, the measurement line Wi and the 
source and drain of the FET 33. The EL element 35 
emits light as a result of the current. Furthermore, the 
current from the current generation circuit 45 flows into 
the capacitor 46 through the switch element SW3, the 
measurement line Wi, and the switch element SW4. A 
voltage Vf that is substantially equal to the anode volt- 
age of the EL element 35 is generated in the measure- 
ment line Wi. Thus, the capacitor 46 then stores the an- 
ode voltage Vf of the EL element 35. The voltage Vf 
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stored in the capacitor 46 is therefore the anode voltage 
of the EL element 35 when a current of a predetermined 
value flows through the EL element 35. 
[0035] These steps 31 to S5 are executed within the 
measurement period. When the transition is made from 
the measurement period to the write period, the control- 
ler 22 turns off the switch elements SW1 , SW3, and 
SW4, and turns on the switch element SW2 (step S6). 
As a result of the off state of the switch element SW1 
and the on state of the switch element SW2, the output 
terminal of the differential amplifier49 is electrically con- 
nected to the data line Xi through the switch element 
SW2. 

[0036] The pixel data pulse is applied to the gate of 
the FET 32 and to the capacitor 34 through the data line 
Xi and the source and drain of the FET 31, and, as a 
result of the on state of the FET 32, the drive current 
flows to the EL element 35 through the source and drain 
of the FET 32. The EL element 35 accordingly emits 
light. Further, the capacitor 34 is charged to a charge 
voltage that is dependent on the voltage of the pixel data 
pulse. 

[0037] As a result of the off states of the switch ele- 
ments SW3 and SW4, the anode voltage during light 
emission by the EL element 35 is detected in the meas- 
urement line Wi through the FET 33, and is supplied to 
the non-inverting input terminal of the differential ampli- 
fier 49 through the resistor 47. The differential amplifier 
49 operates such that the voltage of the non-inverting 
input terminal thereof, that is, the anode voltage of the 
EL element 35, is made equal to the stored voltage Vf 
in the capacitor 46 which is supplied to the inverting in- 
put terminal. In cases where the anode voltage of the 
EL element 35 is lower than the stored voltage Vf, the 
output voltage of the differential amplifier 49 increases, 
and therefore the output voltage acts on the capacitor 
34 and the gate of the FET 32 through the source and 
drain of the FET 31 . Thus, the charge voltage of the ca- 
pacitor 34, that is, the gate voltage Vg of the FET 32, is 
corrected by being increased. As a result, the drive cur- 
rent flowing in the EL element 35 increases and the light 
emission luminance of the EL element 35 which is pre- 
set at the voltage level of the pixel data pulse at such 
time is obtained. 

[0038] When the write period, that is, the j-line scan- 
ning period ends, the scan pulse supply circuit 25 stops 
generating the scan pulse supplied to the scan line Yj, 
and the FETs 31 and 33 therefore turn off. The data sig- 
nal supply circuit 24 resets the storage of the pixel data 
pulse supplied to the data line Xi. Further, the controller 
22 turns off the switch element SW2 (step S7). Since 
the charge voltage Vg of the capacitor 34 is maintained, 
the FET 32 remains on and the EL element 35 continues 
to emit light. When the charge voltage Vg of the capac- 
itor 34 is corrected by being increased as described 
above, the charge voltage Vg of the capacitor 34 is held 
at the corrected voltage. Thus, the light emission lumi- 
nance of the EL element 35 is also maintained at the 



luminance immediately before the end of the write peri- 
od. The pixel sections on the j-line then enter a hold pe- 
riod until the start of the next scanning period. 
[0039] When the j-line scanning period ends, the con- 

5 troller 22 moves on to the operation for the following 
scanning period for the line j+1 . Once the scanning pe- 
riod amounting to n lines ends, the controller 22 moves 
on to the operation for a single line scanning period. The 
operation in each of the scanning periods is the same 

10 as the operation indicated by steps S1 to S7 above, 
these steps S1 to S7 being executed for each scanning 
period. 

[0040] Further, in the above embodiment, the switch 
element SW3 is also on in the on period (predetermined 

15 period) of the switch element SW5. However, the switch 
element SW3 could also be off during this period, as in- 
dicated by the broken line in Fig. 10. In other words, the 
switch element SW3 could also be turned on at the same 
time switch element SW5 changes from on to off. 

20 [0041] Further, the stored charge of the EL element 
may be discharged by turning on the switch element 
SW5 for only a short interval at the time the switch is 
made from the measurement period to the write period. 
[0042] Fig. 11 shows another constitution of each of 

25 the luminance correction circuits 41 ^ to 41 m . The lumi- 
nance correction circuit in Fig. 11 includes switch ele- 
ments SW1 a, SW2a, a voltage generation circuit 51 , re- 
sistors 52 and 53, and a differential amplifier 54. In the 
circuit shown in Fig. 11 , the data line Xi and the meas- 

30 urement line Wi are used to illustrate the connection with 
the pixel section in Fig. 7. 

[0043] The voltage generation circuit 51 generates a 
voltage Vf which is equal to the anode voltage when the 
EL element 35 emits light at a luminance corresponding 

35 to the level of the pixel data pulse. If the level of the pixel 
data pulse varies in accordance with to the image signal, 
the output voltage Vf of the voltage generation circuit 51 
varies accordingly. The output voltage Vf of the voltage 
generation circuit 51 is supplied to the inverting input 

40 terminal of the differential amplifier 54. The non-invert- 
ing inputterminai of the differential amplifier 54 is serially 
connected to the measurement line Wi through the re- 
sistor 52 and the switch element SW1a. Further, the re- 
sistor 53 is connected between the non-inverting input 

45 terminal and the output terminal of the differential am- 
plifier 49, this output terminal being connected to the da- 
ta line Xi through the switch element SW2a. The on/off 
operations of the switch elements SW1 a and SW2a are 
controlled in accordance with instructions from the con- 

50 troller 22. 

[0044] A description will be provided next for the op- 
eration when the luminance correction circuits of Fig. 11 
are applied, with reference to Figs. 12 and 13. Here, the 
operation when the EL element 35 is caused to emit light 

55 by scanning the j-line (scan line Yj) will be described for 
the display panel 21 in particular. 
[0045] As shown in Fig. 1 2, the controller 22 supplies 
a scan control signal for the j-line to the scan pulse sup- 
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ply circuit 25 in response to an image signal (step S11), 
and supplies a j-line data control signal to the data signal 
supply circuit 24 (step S1 2). A scan pulse is accordingly 
supplied from the scan pulse supply circuit 25 to the 
scan line Yj, and a pixel data pulse is stored in the 
above-mentioned buffer memory 40 ( in the data signal 
supply circuit 24 and then supplied to the voltage gen- 
eration circuit 51 . As shown in Fig. 13, the scan pulse is 
a high level during one scanning period. The pixel data 
pulse has a pulse voltage which corresponds to a drive 
current flowing in the EL element 35. 
[0046] Meanwhile, the scan pulse is supplied to the 
respective gates of the FETs 31 and 33 such that the 
FETs 31 and 33 turn on. The pixel data pulse is applied 
to the gate of the FET 32 and to the capacitor 34 through 
the data line Xi and the source and drain of the FET 31 . 
As a result of the FET 32 turning on, the drive current 
flows to the EL element 35 through the source and drain 
of the FET 32. The EL element 35 accordingly emits 
light. Further, the capacitor 34 is charged to a charge 
voltage that is dependent on the voltage of the pixel data 
pulse. 

[0047] The controller 22 also turns on both of the 
switch elements SW1a and SW2a (step S13). As a re- 
sult of the on states of the switch elements SW1a and 
SW2a, the anode voltage during light emission by the 
EL element 35 is detected in the measurement line Wi 
through the FET 33, and is supplied to the non-inverting 
input terminal of the differential amplifier 54 through the 
switch element SW1 a and the resistor 52. The differen- 
tial amplifier 54 operates such that this anode voltage is 
made equal to the voltage of the inverting input terminal, 
that is, the voltage Vf supplied by the voltage generation 
circuit 51 . As a result of the off states of the switch ele- 
ments SW3 and SW4, the anode voltage during light 
emission by the EL element 35 is detected in the meas- 
urement line Wi through the FET 33, and is supplied to 
the non-inverting input terminal of the differential ampli- 
fier 49 through the resistor 47. The differential amplifier 
49 operates such that the voltage of the non-inverting 
input terminal thereof, that is, the anode voltage of the 
EL element 35, is made equal to the stored voltage Vf 
in the capacitor 46 which is supplied to the inverting in- 
put terminal. When the anode voltage of the EL element 
35 is lower than the stored voltage Vf, the output voltage 
of the differential amplifier 54 increases. Therefore, the 
output voltage acts at capacitor 34 and the gate of the 
FET 32 through the source and drain of the FET 31 . The 
charge voltage of the capacitor 34, that is, the gate volt- 
age Vg of the FET 32, is corrected by being increased. 
As a result, the drive current flowing in the EL element 
35 increases and the light emission luminance of the EL 
element 35 which is preset at the voltage level of the 
pixel data pulse at such time is obtained. 
[0048] When the write period, that is, the j-line scan- 
ning period ends, the scan pulse supply circuit 25 stops 
generating the scan pulse supplied to the scan line Yj, 
and the FETs 31 and 33 therefore turn off. The data sig- 



nal supply circuit 24 resets the storage of the pixel data 
pulse supplied to the data line Xi. Further, the controller 
22 turns off the switch elements SW1 a and SW2a (step 
S1 4). The charge voltage Vg of the capacitor 34 is main- 

5 tained, and thus the FET 32 remains on and the EL el- 
ement 35 continues to emit light. When the charge volt- 
age Vg of the capacitor 34 is corrected by being in- 
creased as described above, the charge voltage Vg of 
the capacitor 34 is held at the corrected voltage. Thus, 

10 the light emission luminance of the EL element 35 is also 
maintained at the luminance immediately before the end 
of the scanning period. The pixel sections on the j-line 
then enter a hold period until the start of the next scan- 
ning period. 

15 [0049] When the j-line scanning period ends, the con- 
troller 22 moves on to the operation for the following 
scanning period for the line j+1 . Once the scanning pe- 
riod amounting to n lines ends, the controller 22 moves 
on to the operation for a single line scanning period. The 

20 operation in each of the scanning periods is the same 
as the operation indicated by steps S11 to S14 above, 
these steps S11 to S14 being executed for each scan- 
ning period. 

[0050] Therefore, according the embodiments de- 
25 scribed above, even if the internal resistance values of 
the EL elements vary in accordance with manufacturing 
inconsistencies, changes in the ambient temperature or 
according to the cumulative light emission time and so 
forth, the luminance level of the whole screen of the dis- 
30 play panel 21 can be continuously maintained within the 
desired luminance range. 

[0051] Further, the embodiments described above 
show a display device that employs organic EL ele- 
ments as light emitting elements. However, the light 
35 emitting elements are not limited to such organic EL el- 
ements, and the present invention may also be applied 
to display devices that employ other light emitting ele- 
ments. 

[0052] As described hereinabove, according to the 
40 present invention, a gray level display can be correctly 
implemented even when used for a long period. 



Claims 

45 

1 . An active type display panel comprising a plurality 
of pixel sections each including a series circuit in 
which a light emitting element and a drive element 
for supplying a drive current to said light emitting 

so element are connected in series, a pair of power 
supply lines for connecting the series circuits of said 
plurality of pixel sections in parallel, and a plurality 
of measurement lines; 

wherein each of said plurality of pixel sections 

55 comprises a switch element which is provided be- 
tween a point connecting said light emitting element 
and said drive element, and one measurement line 
of said plurality of measurement lines. 
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A display panel according to claim 1 further com- 
prises a plurality of data lines, and a plurality of scan 
lines, and 

each of said plurality of pixel sections com- 
prises: 5 

a first field effect transistor which is provided as 
said drive element and of which the source is 
connected to one line of the pair of power sup- 
ply lines; 10 
a second field effect transistor, of which the 
gate is connected to one scan line of said plu- 
rality of scan lines, the source is connected to 
one data line of said plurality of data lines, and 
the drain is connected to the gate of said first 
field effect transistor; 

a capacitor connected between one line of the 
pair of power supply lines, and a line connecting 
the gate of said first field effect transistor and 
the drain of said second field effect transistor; 20 
an organic electroluminescence element which 
is provided as said light emitting element and 
of which the anode is connected to the drain of 
said first field effect transistor and the cathode 
is connected to the other line of the pair of pow- 25 
er supply lines; and 

a third field effect transistor which is provided 
as said switch element and of which the gate is 
connected to the one scan line, the source is 
connected to the one measurement line, and 30 
the drain is connected to a line connecting the 
drain of said first field effect transistor and the 
anode of said organic electroluminescence el- 
ement. 

35 

A display device comprising: 

an active type display panel comprising a plu- 
rality of data lines, a plurality of scan lines mu- 
tually intersecting said plurality of data lines, 40 
and a plurality of pixel sections each including 
a series circuit in which a light emitting element 
and a drive element for supplying a drive cur- 
rent to said light emitting element are connect- 
ed in series, and which is connected between 45 
one of said plurality of data lines and one of said 
plurality of scan lines at an intersection thereof; 
power voltage supply means for applying a 
power voltage to said series circuit of each of 
said pixel sections; and 50 
display control means for designating one scan 
line of said plurality of scan lines sequentially 
with predetermined timing in accordance with 
an input image signal, for supplying a scan 
pulse to the designated one scan line, and for ss 
supplying a data signal indicating light emission 
luminance to at least one data line of said plu- 
rality of data lines in a scanning period during 



which the scan pulse is supplied, the at least 
one data line corresponding to at least one light 
emitting element to be emitted light on the des- 
ignated one scan line, 

wherein each of said pixel sections includes 
pixel control means for activating said drive element 
in accordance with the data signal to supply a drive 
current of a level corresponding to the data signal 
to said light emitting element, and voltage detection 
means for detecting a voltage across the terminals 
of said light emitting element; and 

said display control means includes data cor- 
rection means for correcting the data signal such 
that the voltage across the terminals of said light 
emitting element becomes equal to a predeter- 
mined voltage for each of said plurality of data lines. 

4. A display device according to claim 3, wherein said 
display panel further comprises a plurality of meas- 
urement lines, 

said drive element consists of a first field ef- 
fect transistor of which the source is connected to 
the positive output terminal of said power voltage 
supply means, and 

said pixel control means comprises: 

a second field effect transistor of which the gate 
is connected to the scan line for a correspond- 
ing column of said plurality of scan lines, the 
source is connected to the data line for a cor- 
responding row of said plurality of data lines, 
and the drain is connected to the gate of said 
first field effect transistor; 
a first capacitor connected between the positive 
output terminal of said power voltage supply 
means, and a line connecting the gate of said 
first field effect transistor and the drain of said 
second field effect transistor; 
an organic electroluminescence element which 
is provided as said light emitting element and 
of which the anode is connected to the drain of 
said first field effect transistor and the cathode 
is connected to the negative output terminal of 
said power voltage supply means; and 
a third field effect transistor which is provided 
as said voltage detection means and of which 
the gate is connected to the scan line for the 
corresponding column, the source is con nected 
to the measurement line for the corresponding 
row of said plurality of measurement lines, and 
the drain is connected to a line connecting the 
drain of said first field effect transistor and the 
anode of said organic electroluminescence el- 
ement, 

wherein the voltage across the terminals of 
said light emitting element is supplied to said data 
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correction means as an anode voltage of said or- 
ganic electroluminescence element through the 
drain and source of said third field effect transistor 
and the measurement line for the corresponding 
row. 5 

5. A display device according to claim 3 or 4, wherein 
said data correction means comprises: 

a current generation circuit for generating a ref- 10 
erence current of a level corresponding to the 
data signal; 

switching means for halting activation of said 
drive element by said pixel control means by 
supplying the reference current in a first prede- 15 
termined period appearing first in the scanning 
period during which the scan pulse is supplied, 
to said organic electroluminescence element 
through the measurement line for the corre- 
sponding row and through the source and drain 20 
of said third field effect transistor, and for per- 
mitting activation of said drive element by said 
pixel control means by halting the supply of the 
reference current to said organic electrolumi- 
nescence element in a second predetermined 25 
period which remains in the scanning period; 
means for holding the anode voltage of said or- 
ganic electroluminescence element in a sec- 
ond capacitor as the predetermined voltage, in 
the first predetermined period; 30 
comparing means for outputting a correction 
voltage corresponding to the difference be- 
tween the anode voltage of said organic elec- 
troluminescence element and the voltage held 
in said second capacitor, in the second prede- 35 
termined period; and 

means for supplying the correction voltage to 
said pixel control means through the data line 
for the corresponding row. 

40 

6. A display device according to any one of claims 3, 
4, and 5, wherein said switching means supplies a 
voltage required for halting activation of said drive 
element by said pixel control means, to the source 

of said second field effect transistor. 45 



voltage corresponding to the difference be- 
tween the anode voltage of said organic elec- 
troluminescence element and the output volt- 
age of said voltage generation circuit; and 
means for supplying the correction voltage to 
said pixel control means through the data line 
for the corresponding row. 

9. A driving method for an active type display panel 
comprising a plurality of data lines, a plurality of 
scan lines mutually intersecting said plurality of data 
lines, and a plurality of pixel sections each including 
a series circuit in which a light emitting element and 
a drive element for supplying a drive current to said 
light emitting element are connected in series, and 
which is connected between one of said plurality of 
data lines and one of said plurality of scan lines at 
an intersection thereof; comprising the steps of: 

applying a power voltage to said series circuit 
of each of said pixel sections; 
designating one scan line of said plurality of 
scan lines sequentially with predetermined tim- 
ing in accordance with an input image signal, 
supplying a scan pulse to the designated one 
scan line, and supplying a data signal indicating 
light emission luminance to at least one data 
line of said plurality of data lines in a scanning 
period during which the scan pulse is supplied, 
the at least one data line corresponding to at 
least one light emitting element to be emitted 
light on the designated one scan line; 
in each of said pixel sections, activating said 
drive element in accordance with the data sig- 
nal to supply a drive current of a level corre- 
sponding to the data signal to said light emitting 
element, and detecting a voltage across the ter- 
minals of said light emitting element; and 
correcting the data signal such that the voltage 
across the terminals of said light emitting ele- 
ment becomes equal to a predetermined volt- 
age for each of said plurality of data lines. 



7. A display device according to claim 6, where the 
voltage required for halting the activation of said 
drive element is a voltage equal to the power volt- 
age. 50 



8. A display device according to claim 3 or 4, wherein 
said data correction means comprises: 

a voltage generation circuit for generating a 55 
voltage corresponding to the data signal as the 
predetermined voltage; 

comparing means for outputting a correction 
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